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Preface

This book was written for readers interested in learning about the disciplines,
methods and results of space research, perhaps because they happened upon
the field during the course of their higher education or professional career,
or perhaps because they simply feel an urge to know more about the space
environment of the Earth. The present monograph is based on lectures cover-
ing the same topic, which have been held regularly over the past years at the
University of Bonn. Like the lecture series, the book is directed at a relatively
broad group of students and interested laypersons, the only prerequisite being
knowledge of fundamental physics and mathematics, as usually acquired from
introductory college courses in science or engineering curricula. More specific
knowledge is derived in association with each phenomenon considered. These
derivations are kept as simple as possible, adhering to the principle that,
when conflicts arise, physical insight is preferable to mathematical precision.
As arule, I strived to avoid the trite phrase ‘It may be easily shown that ...’
and tried to present all derivations in readily verifiable steps, even if this may
seem somewhat tedious to the more advanced readers. Also serving clarity
and insight are the many illustrations, which do indeed often say more than
‘a thousand words’.

Our knowledge of the Earth’s space environment has grown exponentially
during the last few decades and an attempt to cover all aspects of the field
would extend way beyond the scope of an introductory text. Acknowledging
this fact, the book does contain some unavoidable gaps and even topics of
special interest to the author have been omitted for lack of space. In partic-
ular, measurement techniques, although constituting a cornerstone of space
research (and of physics in general), could only be described in passing. We
content ourselves here with presenting the experimental results and then try-
ing to explain the underlying physics on the basis of simple reasoning and
argumentation. It is fair to say that this introduction to the field will have
fulfilled its purpose if its readers are inspired to investigate a topic in more
detail on their own, referring to the pertinent literature.

It is a pleasure to thank all those who directly or indirectly participated
in the preparation and production of this book. I would like to thank my
mentor W. Priester and my colleagues M. Roemer, H.J. Fahr and H. Volland
for their support and the pleasant work environment in our institute. Parts



Vi Preface

of this book were reworked during a lecture series presented at the University
of Innsbruck and during a research fellowship at the University of Nagoya.
I extend my sincere gratitude here to colleagues M. Kuhn and Y. Kamide
for the invitations. Valuable suggestions and various forms of assistance were
provided by colleagues and coworkers S.J. Bauer, M.K. Bird, H. Fichtner,
G. Lay, C.A. Loewe, K. Schriifer, R. Treumann and S. Werner. I would like
to make special mention of contributions from S. Noél, M. Kilbinger, B.
Kubhlen, J. Pielorz and B. Winkel, who competently and patiently edited the
manuscript into its final form. Without their help this book would surely
have been a never ending story.

Bonn, December 2003 Gerd W. Prélss
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generic angle; pitch angle

magnetic flux density, here denoted as magnetic field
Earth’s equatorial surface magnetic field intensity
random velocity (thermal velocity, peculiar velocity)
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specific heat capacity at constant pressure, volume
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electron
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energy
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distribution function
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gravitational acceleration (gg, §s: terrestrial, solar acceleration)
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gravitational constant

adiabatic exponent
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Planck constant

speed (velocity magnitude) distribution function
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current density

ionization rate coefficient for the species X
Boltzmann constant

reaction constants

generic constant; eddy diffusion coefficient

heat conductivity

length; loss rate per unit volume

mean free path

wavelength; geographic, heliographic longitude

shell parameter

induction constant

Coulomb logarithmn

particle mass
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generic mass (Mg, Mg: mass of Earth, Sun); Mach number
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magnetic dipole moment (M g: Earth; /\;lg: gyromoment)
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particle number density
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number of particles
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angular rotation rate of Earth, Sun
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charge per particle; production rate per unit volume
heat

electrical charge
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gyroradius (Larmor radius)

position vector
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Earth’s radius, Sun’s radius

mass density

radius of curvature

distance; species index (e, i, n for electrons, ions

and neutral gas particles)

collision, interaction cross section

absorption cross section

Birkeland, Hall and Pedersen conductivities

time

temperature (Too: thermopause or exospheric temperature)
time constant; period; optical thickness

bulk velocity

internal energy

voltage

particle velocity

velocity of sound, Alfvén velocity, magnetosonic velocity
phase, group velocity

volume

probability

work; index for eddy parameter

Cartesian coordinates; (Z, §, 2 unit vectors); variables
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